Introduction
[2] Studies of Arctic climate have revealed significant surface atmospheric warming [Overland et al., 2004] and declines in sea-ice cover over the past few decades [Comiso et al., 2008] . In addition, a 0.25 to 1°C warm temperature anomaly (WTA) in the subsurface Atlantic Layer (AL, 200-600 m water depth) reached the Canada Basin in the western Arctic Ocean from 1998 to 2007 [Shimada et al., 2004; McLaughlin et al., 2009] . Evidence for prior subsurface warming events during the 1950s and 1960s suggest they may represent a distinct mode of climate variability in the Arctic Ocean [Polyakov et al., 2004 [Polyakov et al., , 2011 . Arctic instrumental records are sparse, however, and it is unclear to what degree the recent WTA represents natural variability or anthropogenic influence.
[3] Proxy records from sediment cores can provide evidence for large-scale natural variability in Arctic hydrography and sea-ice cover during the Holocene [Keigwin et al., 2006; Darby et al., 2009; de Vernal et al., 2005; McKay et al., 2008; Polyak et al., 2009] against which recent changes can be compared. Here we reconstruct the first subsurface temperature records from the Atlantic Layer using stable isotopes (d 18 O) and trace elements (Mg/Ca ratios), and seaice duration with dinocyst assemblages from two cores located in the Canada Basin on the Beaufort Sea continental margin.
Western Arctic Oceanography and Sediment Records
[4] The Atlantic Layer is composed of relatively warm (>0°C), saline (35 psu) North Atlantic water that enters the Arctic Ocean through the Fram Strait and Barents Sea, circulating counterclockwise along the shelf margins at intermediate depth [Rudels et al., 2004] (Figure 1a ). In the Western Arctic, cold (<0°C), relatively fresh (30-32 psu) Polar Mixed Layer (PML) water forms a surface layer (0-200 m) influenced by winter Bering Strait inflow water and upwelled AL water [Woodgate et al., 2005] . A strong halocline and reverse thermocline separate the PML from the underlying AL where a temperature maximum (>0.5°C) occurs between 400 and 500 m. Core HLY0205-GGC19 (GGC-19) is located on the upper slope near Barrow Canyon at 369 m water depth within the AL, and core P1-92-AR-P1/B3 (piston and box cores, P1/B3) is from 203 m on the Chukchi Sea Shelf Edge within the base of the PML (Figure 1a , inset, and Figure 1b ). Water in this region lies at the boundary of several oceanographic provinces [Münchow and Carmack, 1997] that are transformed by seasonal formation and melting of sea ice and atmospheric forcing [Weingartner et al., 1998 ]. Chronostratigraphy for both cores was established using radiocarbon ( 14 C) dating, with average sedimentation rates of 65 cm kyr −1 for GGC-19 and ≥30 cm kyr −1 before 5.5 ka and after 1.5 ka in P1/B3 (auxiliary material). annual subsurface temperature based on empirical calibrations [Shackleton, 1974; Dwyer et al., 2002; Cronin et al., 1996] . Although other factors can influence d 18 O and Mg/Ca ratios, we consider temperature the dominant cause of our observed variations (auxiliary material). Dinocyst assemblages are used to reconstruct past sea-ice patterns expressed as months of >50% sea-ice cover per year . Sea-ice duration for GGC-19 is supplemented by a sea-ice reconstruction from HLY0501-05 (415 m), proximally located along the Beaufort Sea slope within the AL [McKay et al., 2008] (Figure 1a ).
Results
[6] Sea-ice cover reconstructions from GGC-19 and HLY0501-05 generally track each other for the last 7 kyr (Figure 2a ). d
18 O for I. helenae and N. labradoricum show similar patterns for the last 4 kyr, but N. labradoricum d
18 O is lower relative to I. helenae prior to 4.2 ka (Figure 2b ). Reduced sea-ice duration from 7 ka to 6 ka, 3.8 to 3.0 ka and within the past 1 kyr is consistent with declines in I. helenae d
18 O in GGC-19 prior to 6 ka, between 4 and 2 ka, and within the past 1 kyr. During these intervals, 0.5 to 1°C warming of the AL implied from d
18 O corresponds with a ∼25% decrease in yearly sea-ice duration. Average subsurface temperature for the last 7,000 years based on I. helenae d 18 O is 0.3°C, which is equivalent to AL temperatures prior to the recent warming [McLaughlin et al., 2009] .
[7] Krithe glacialis Mg/Ca and dinocyst records at the shallower P1/B3 site show multiple centennial-scale subsurface warming events of 1 to 1.5°C that coincide with periods of reduced sea-ice cover between 5.8 and 7.8 ka, and again during the last 1.5 kyr (Figures 2c and 2d) . The lower sedimentation rate in P1/B3 between 1.5 and 5.2 ka precludes identification of submillennial variability but periods of surface and subsurface warmth at this site coincide with reduced sea-ice cover and increased AL temperature at GGC-19 before 6 ka and from 4.5 to 2.5 ka. Subsurface temperature maxima over the past 8 ka at P1/B3 are about 0.5°C warmer than temperatures at this depth during the 1998-2007 WTA.
[8] Focusing on the last 1,200 years, proxy records show evidence for temperature excursions during the Medieval Climate Anomaly (MCA, ∼1000 to 1250 Common Era (CE)), the 15th century CE, and the Little Ice Age (LIA, ∼1600-1800 CE) (Figure 3) . Yearly sea-ice cover may have been reduced at P1/B3 during the MCA (Figure 3d ), however there is no apparent change in sea-ice cover at GGC-19 or HLY0501-05, or in subsurface temperature at these sites. During the 15th century CE, subsurface temperature increa- ses >1°C at P1/B3 and 0.5-0.75°C at GGC19, exceeding proxy measurement error and coinciding with reduced seaice duration at both locations, elevated SSTs in the Norwegian Sea (Figure 3e ) [Andersson et al., 2010] , and the warmest pre-industrial conditions in the Arctic region of the past 1,000 years as indicated by terrestrial proxies and datamodel simulations (Figure 3g ) [Crespin et al., 2009] . Post 15th century cooling evident in GGC-19 and P1/B3 correlates with lower SST on the Vøring Plateau, Norwegian Sea and cooler pan-Arctic atmospheric temperatures seen in terrestrial proxies. Our records agree with Spielhagen et al. [2011] in showing two periods of pre-anthropogenic warmth in the Arctic, although the absolute timing of these warm intervals is difficult to quantify due to age model uncertainty (Figure 3f ). Nevertheless, it appears Atlantic Layer temperature during the WTA exceeded reconstructed subsurface temperature at site GGC-19 for the past 1,200 years by about 0.5°C (Figure 3a) .
Discussion and Summary
[9] Proxy reconstructions of Holocene ocean temperature presented here demonstrate that the subsurface reverse thermocline characterizing the region today has existed in the western Canada Basin the last 7,000 years, with a cooler Polar Mixed Layer (203 m, mean −0.7°C) above a warmer Atlantic Layer (369 m, mean 0.3°C). Intervals of relatively warm AL water (1.0 to 1.5°C at GGC-19) appear to coincide both with increased temperature at the base of the PML (0 to 1°C at P1/B3) and times of reduced sea-ice cover. Concurrent warming in the AL and PML may be explained by increased upwelling of AL water to the halocline during WTA events, when both the temperature and volume of AL water are increased [Woodgate et al., 2005; McLaughlin et al., 2009] . Although our sediment records lack the resolution to identify decadal-scale, time-transgressive events like the WTA [Polyakov et al., 2011] , past periods of warm subsurface temperature might signify increased occurrence of WTA-like events over centennial timescales during the Holocene. The propagation of warm intrusions of the Atlantic Layer to the Canada Basin requires stability in the thermohaline structure of the water column provided by seaice cover [McLaughlin et al., 2009] . A WTA-like mechanism to account for past warming events is consistent with evidence for perennial sea-ice cover in most regions of the Arctic for the last 5,000 years [Cronin et al., 2010] .
[10] Are western Arctic Ocean Holocene warming events manifestations of Arctic-wide climatic patterns? Holocene d
18 O variations in foraminifera of 0.25 to 0.5‰ from northern Barents Sea cores (460 m [Lubinski et al., 2001] and 388 m [Duplessy et al., 2001] ) suggest 1-2°C changes in Atlantic water entering the Arctic. Paleoceanographic records from the southern Barents and Norwegian Seas indicate warming of AL source water during the 14th-15th centuries and abrupt cooling during the 16th century (Figure 3 ) [Andersson et al., 2010] , although surface processes such as sea-ice melt, coastal currents, productivity, and a shifting polar front may have influenced temperatures in these regions [Hald et al., 2007; Risebrobakken et al., 2010] . It is 18 O-based BWT from benthic foraminifer, I. helenae in GGC-19, (dark blue) and four-point smooth of normalized instrumental Atlantic Water core temperature anomalies (red line, 1950-2002) [Polyakov et al., 2004] . (b) dinocyst-based sea-ice duration (axis reversed) from GGC-19 (red) and HLY0501-05 (blue, thick line is 3 point smooth) [McKay et al., 2008] . (c) Ostracode Mg/Ca-based BWT and (d) dinocyst-based sea-ice duration [de Vernal et al., 2005] from P1/B3 (axis reversed). (e) The 10m depth summer SSTs in the Norwegian Atlantic Current calculated from the Maximum Likelihood technique on planktic foraminiferal assemblages from the Vøring Plateau [Andersson et al., 2010] ; thick line represents a 10-point smooth. (f) Atlantic Water temperature in the Fram Strait reconstructed from planktic foraminiferal assemblages [Spielhagen et al., 2011] . (g) Mean Arctic surface temperature anomalies from terrestrial proxies (red line) and LOVECLIM 1.1 model simulation using proxy data assimilation (black) [Crespin et al., 2009] noteworthy that anomalous 20th century warming attributed to an amplified high-latitude response to anthropogenic forcing is observed in Arctic terrestrial records of surface atmospheric temperature [Kaufman et al., 2009] , model simulations of Arctic climate [Mann et al., 2008] , and marine records from the Fram Strait area [Spielhagen et al., 2011] . Although additional paleoceanographic records are needed, our d
18 O, Mg/Ca and dinocyst results also suggest that recent temperature excursions in the Atlantic Layer in the western Arctic Ocean are anomalously warm compared to the last millennium.
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